Abstract
This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain. [7] The scope of the problem warrants public health initiatives aimed at better understanding trends in overdose incidence, treatment, and outcomes to help develop more effective interventions for prevention and care. [1] Despite the significance of this public health problem, there are a paucity of data describing the impact of opioids on out-of-hospital cardiac arrest (OHCA) rates. Previous studies have illustrated wide regional, gender, racial, and socioeconomic differences in the prevalence of
overdose out-of-hospital cardiac arrests (OD-OHCA), ranging between 2 and 29.4% of all OHCA. [8, 9, 10] While opioid-related deaths have increased in North America, recent temporal and regional trends in the proportion of OD-OHCA remain largely unknown. In this study, we used a statewide database to assess the latest trends in epidemiology and outcomes of OD-OHCA compared to presumed cardiac-etiology out-of-hospital cardiac arrests (C-OHCA).
Methods

Study setting
Data for this study were from the Arizona Department of Health Service's mature, statewide, Utstein-style, OHCA database that links EMS-first care reports with hospital records and outcomes. Participating EMS agencies contribute to the Save Hearts in Arizona Registry and Education (SHARE) Program, a voluntary, statewide, cardiac resuscitation, quality improvement program that has been described in detail and encompasses more than 80% of the state's population. [11] 
Study design and population
This was a retrospective, observational, cohort study of consecutive, adult (aged ≥18-years-old) OHCA patients in Arizona, between January 1, 2010 and December 31, 2015. Cases were excluded if prehospital resuscitation was not initiated, the patient had a do-not-resuscitate order, the cardiac arrest was witnessed by EMS providers, or if the cause of the cardiac arrest was presumed to be non-cardiac or non-overdose related (e.g., respiratory, trauma, or drowning).
A detailed review of EMS reports, hospital records, and vital statistics data were used to determine whether subjects qualified for the overdose group. Our inclusion criteria were mention
of likely overdose or drug involvement in EMS-first care reports, hospital charts, or vital statistics data. Primary outcomes were OD-OHCA proportion and survival to hospital discharge.
Secondary measures included patient age, gender, location of cardiac arrest, bystander cardiopulmonary resuscitation (BCPR), and an initial shockable rhythm. Our analysis compared the prevalence, outcomes, and demographic data between OD-OHCA and C-OHCA cohorts.
Data Collection
Data were collected from the SHARE program OHCA database which has been described previously. [11] As an Arizona Department of Health Services (ADHS)-sponsored public health initiative, Arizona's Attorney General has determined that the SHARE Program is exempt from the requirements of the Health Insurance Portability and Accountability Act 
Statistical analysis
To maximize the available subjects for analysis, multiple imputation was carried out in SAS (SAS, Version 9.4, SAS Institute, Cary, North Carolina) to impute missing data. Multiple imputation (MI) has been shown to generate less biased estimates with more statistical efficiency when compared with alternative methods of handling incomplete data (e.g., complete-case analysis, single imputation, or missing indicator regression). [12] MI involves three distinct
phases: 1) the missing data are filled in m times to generate m complete datasets, 2) the m datasets are analyzed by using standard procedures, and 3) the results from the m complete datasets are combined for the inference. MI replaces each missing value with a set of plausible values that represent the uncertainty about the right value to impute, instead of filling in a single value for each missing value. We used all the variables in Tables 1 and 2 for MI. Twenty imputed datasets were generated and model fit and diagnostics were evaluated. Missing data fit an arbitrary missing pattern and we used the Fully Conditional Specification method to impute data. Linear regression was used to impute all continuous variables, age, and response time.
Logistic regression was used to impute categorical variables, i.e., witnessed arrest, BCPR, shockable rhythm, and OCHA locations.
Descriptive statistics were used to describe the study population and are reported as proportion for categorical and binary data and as median and interquartile range for continuous data. All of the tests were two-tailed. A p-value of <0.05 was considered statistically significant.
Multivariate logistic regression analysis was carried out using the imputed data, accounting for variance across imputed data sets using Rubin's rules (using Proc MI in SAS). [13] 
Results
There were a total of 21,658 confirmed OHCA during the study period. After excluding 2,670 cardiac arrests without overdose or cardiac etiology and 426 cases with missing survival data, 18,562 cases remained. Overall, 17,591 (94.8%) arrests were presumed C-OHCA and 971 (5.2%) were OD-OHCA (Figure 1 ).
There was a significant increase in the proportion of OD-OHCA between 2010, 4.7% (95% CI: 3.9-5.5) and 2015, 6.6% (95% CI: 5.8-7.5) ( Table 1 ). The only statistically significant
proportional increase of OD-OHCA between two consecutive years was from 2013 (4.6%; 95% CI: 3.9-5.4) to 2014 (6.3%; 95% CI: 5.5-7.2) ( Table 1) .
Mean age for patients with OD-OHCA was 38 years compared to 66 years for C-OHCA (p<0.0001) ( Table 2) . A residential location was more likely for OD-OHCA (65.1%) than C-OHCA (53.8%) (p<0.0001) ( Table 2) . A bystander-witnessed cardiac arrest was less likely for OD-OHCA (24.7%) than C-OHCA (44.1%) (p<0.0001) ( Table 2) . A shockable rhythm was present in 7.1% of OD-OHCAs vs. 22.6% for C-OHCAs (p<0.0001) ( Table 2 ). There were no statistically significant differences for patient gender, for whether bystanders performed CPR, or for EMS response times for patients with OD-OHCA vs. C-OHCA (Table 2) . Overall survival to discharge in the OD-OHCA group was 18.6% vs. 11.9% in the C-OHCA group (p<0.0001) ( Table 2 ). After risk adjustment for age, gender, bystander-witnessed arrest, BCPR, EMS response time, and shockable rhythm, we found an aOR of 2.1 (1.8-2.6) for survival in the OD-OHCA group compared to the C-OHCA group.
Discussion
This is the first statewide study that we are aware of analyzing OD-OHCA in the United
States. In addition, this is the first retrospective study to demonstrate a significant increase in the proportion of OD-OHCA over the recent study period. In Arizona, as demonstrated in Table 1, there was a significant increase in the proportion of OD-OHCA between 2013 (4.6%; 95% CI: 3.9-5.4%) and 2014 (6.3%; 95% CI: 5.5-7.2). North American overdose data, in contrast, have shown gradual growth during the years of this study.
[2] There have been large-scale opioid mitigation efforts in Arizona which started after the data collection period for this study [14] . [8, 9] In addition to geographic variation, the differing OD-OHCA estimates may, in part, be related to differing methods of case ascertainment. For example, documented naloxone administration has been used in several studies as an inclusion criterion for OD-OHCA. [8, 9, 10, 15] It has been estimated that this may not be a sensitive method of calculating the number of OD-OHCA victims because many who are given naloxone by EMS have not overdosed and administration was not recommended for OHCA during some study periods. [8, 16, 17] To avoid this possible inclusion bias, we chose not to use naloxone administration, but instead to search EMS reports, hospital records, and vital statistics data for any mention of likely overdose or drug involvement. With the exception of Orkin, et al., the majority of other studies used only EMS data. [8, 9, 10, 15] We believe using both hospital and EMS databases increase the accuracy of etiology designation.
Previous epidemiological studies of OD-OHCA have similarly shown younger median ages and increased survival rates of patients with OD-OHCA vs. C-OHCA. [18, 19] A study by
Elmer, et al. reported patients in the OD-OHCA subgroup were significantly younger, had fewer comorbidities, and were more likely to present with a non-shockable rhythm. [15] Our patient outcomes were consistent with literature showing that OD-OHCA victims are significantly more likely to survive than C-OHCA victims despite presenting with decreased rates of shockable rhythms. [9, 10] This suggests there may be an increased survivability of OD-OHCA vs. C-OHCA based on available treatments, younger age, fewer comorbidities, or other factors that were not measured. Studies have hypothesized the pathophysiology of OD-OHCA to be primarily due to respiratory depression which can potentially be mitigated with appropriate and timely airway management, oxygenation, and naloxone administration.
When there is suspicion that a cardiac arrest is due to an opioid overdose, patients are often empirically treated with intravenous naloxone, a complete opioid antagonist with a rapid onset of action. [20, 21, 22] Nasal naloxone is becoming more readily available to bystanders and its use is especially common among first responders. [23, 24] 
This is a retrospective, observational, resuscitation study with its inherent limitations. It is possible our results using Arizona data may not be generalizable to other regions. Additionally, we had a significant amount of missing data due to the challenges of matching prehospital with hospital data (Table 2) . We elected to include hospital data because it allowed for more accurate determination of cardiac arrest etiology. We used multiple imputation to minimize any bias that might have arisen from missing data. Despite our efforts to be as accurate as possible, it is possible that some arrests were inaccurately categorized. We were not able to determine whether an overdose was intentional and this may be the subject of further investigations. Additionally, there may be novel therapies which could impact OD-OHCA outcomes (e.g., ECMO, IV intralipid emulsification) and this data was not collected. Finally, the structure of the AZ-SHARE project limits patient-specific data available for analysis. Therefore, our analyses lack some details regarding medical history and we did not have access to toxicological data confirming the class of drug implicated in the OD. However, the published literature points to opioids as the most common cause of fatal overdose in the United States. [7] Linking specific drugs to OD-OHCA victims warrants further study. administer in their homes, and guiding future resuscitation efforts, such as pursuing aggressive resuscitation in spite of initial non-shockable rhythms in patients with likely OD-OHCA.
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